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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicants : Ulrich BLEY et al. 

Serial No. : To Be Assigned 

Filing Date : October 25, 2001 (based on PCT/EP00/03696) 

For : GRANULATED GAS CHARGES 

~ " November 28, 2001 

Hon. Commissioner of Patents 

and Trademarks 
Washington, D.C. 20231 

u PRELIMINARY AMENDMENT 

P SIR: 

y Prior to prosecution, please amend the above-identified patent application as follows: 

5 IN THE CLAIMS : 

p 

• ^ Cancel claims 1-10 without prejudice and substitute the following claims: 

U 

u, 11. Granulated gas charges having combustion vapors that are free of nitrogen oxide and are 

b 

lg deficient in carbon monoxide, comprising 

P 

N* a) 5 to 50% by weight of a binding agent; 

b) oxidizing agents in a quantity 0 to 90% by weight of an oxidizing agent; and 

c) 0 to 75% by weight of an organic fuel. 

12. Gas charges according to claim 1 1, wherein the binding agent is at least one binder 
selected from the group consisting of cellulose acetate, cellulose acetobutyrate, cellulose 
triacetate, nitrocellulose and polyvinyl butyral. 
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1 3 . Gas charges according to claim 1 1 , wherein the oxidizing agent is at least one oxidizing 
agent selected from the group consisting of from alkali perchlorates, alkaline earth metal, 
perchl orates, zinc peroxide, iron oxides, cerium dioxide, copper oxide, manganese dioxide and 
permanganates. 

14. Gas charges accordingto claim 1 1, wherein the oxidizing agent is potassium perchlorate. 

1 5 . Gas charges according to claim 1 1 , wherein the organic fuels are acids selected from the 
group consisting of terphthalic acid, fumaric acid and ascorbic acid. 

1 6 . Gas charges according to claim 1 1 , wherein the gas charges further compris e at least one 
aggregate. 

17. Gas charges according to claim 16, wherein said aggregate is a combustion moderator. 

18. Gas charges according to claim 16, wherein the aggregate is selected from the group 
consisting of aluminum oxide, zinc oxide, alkali metal silicates, alkaline earth metal silicates, 
mineral clays, cement, gypsum, alkali metal carbonates alkaline earth metal carbonates, alkali 
metal oxalates, alkaline earth metal oxalates, and oxalic acid. 

19. Gas charges according to claim 11, wherein the gas charges further comprise a coating 
additives selected from the group consisting of graphite, water glass, nitrates of alkali metal, 
perchlorates of alkali metals, nitrates of alkaline earth metals and perchlorates of alkaline earth 
metals. 

20. Gas charges according to claim 1 1 , in the form of a ball powder. 

#25097765vl< - 2 



21 . A motor-vehicle safety system comprising the gas charges of claim 1 . 



22. The motor vehicle safety system of claim 2 1 , wherein said system is a belt tightening 
or an air bag. 

23 . An industrial cartridge for gas generation comprising the gas charges of claim 1 1 . 

REMARKS 

The purpose of this amendment is to conform the claims to standard U.S. practice. 

Applicants believe no fee is required for filing this amendment. However, the 
Commissioner is hereby authorized to deduct any fee due, or credit any overpayment to 
Deposit Account No. 50-0624. 

Respectfully submitted, 
FULBRIGHT & JAWORSKI L.L.P. 



666 Fifth Avenue 
New York, N.Y. 10103 
(212)318-3148 
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Granulated gas charges 

The subject-matter of the invention relates to 
granulated gas charges and also to the use thereof. 

5 

The current process^ for the production of gas charges, 
for example for motor-vehicle safety, consists in 
pressing the raw materials to form tablets. The 
desired combustion processes can be achieved with these 
•10 tablets. The disadvantages of this technology lie in 

the cost-intensive production of the tablets and the 
high pressures that are required in order to attain 
M> firmness when pressing, in particular with regard to 

p safety. Usually, the raw materials are mixed together 

jJJ 15 and pressed in the dry state or, if applicable, with 

y small proportions of pressing aids. 

, ! 'J In comparison with this, the object of the present 

y s invention consists in making novel granulated gas 

!<* 20 charges available. 

Ill 

id 

P The object of the invention mentioned above is achieved 

by means of granulated gas charges that have combustion 
vapours that are free of nitrogen oxide and are 
25 deficient in carbon monoxide and which contain 

a) binding agents in a quantity of 5 to 50 % by 
weight, 

b) oxidizing agents in a quantity of 0 to 90 % by 
weight, and/or 

30 c) organic, in particular nitrogen- free, fuels in a 

quantity of 0 to 75 % by weight. 

The subject-matter of the present invention relates in 
particular to combinations of binding agents, metal 
35 salts of oxidizing acids and/or organic, preferably 

nitrogen-free, fuels for use, for example, in gas 
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generators as pyrotechnic mixtures for the generation 
of gases. The gas charges are obtained as a result of 
granulation of the components from a solvent -containing 
suspension of the components by means of the addition 
of water. 

The gas charges that are defined in accordance with the 
invention are distinguished by combustion vapours which 
are free of nitrogen oxide and have clearly reduced 
amounts of carbon monoxide and by a high level of 
thermal stability in comparison with usual materials 
produced on a nitrocellulose base as the sole energy- 
carrier. Furthermore, they are distinguished by the 
simple production process and the control of the 
combustion speed connected therewith by way of grain 
size, aggregates and coating compositions. The gas 
charges that are defined in accordance with the 
invention are preferably based on mixtures of nitrogen- 
free components as energy carriers and binders with 
proportions by weight of 5 to 50 % by weight, such as 
cellulose acetate , cellulose acetobutyrate, cellulose 
triacetate, nitrocellulose {here a subordinate quantity 
functioning as a binding agent) and polyvinyl butyral. 

Oxidising agents that can be used are perchlorates, for 
example of the alkali and alkaline earth metals, zinc 
peroxide, iron oxides, cerium dioxide , copper oxide , 
permanganates , tin dioxide and manganese dioxide. 
Potassium perchlorate and zinc peroxide in proportions 
by weight of 0 to 90 % by weight are preferably used. 

Organic nitrogen- free fuels, such as, for example 
terephthalic acid, fumaric acid and/or ascorbic acid/ 
can be added in proportions by weight of 0 to 75 % by 
weight. Furthermore, aluminium oxide, zinc oxide, 
silicates, of the alkali and alkaline earth metals, 
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clays of differing compositions, cement, gypsum, 
carbonates of the alkali and alkaline earth metals, 
oxalic acid, for example oxalates of the alkali and 
alkaline earth metals, can be used as aggregates to 
5 moderate combustion. 

Substances such as graphite, water glass, nitrates and 
perchlorates of the alkali and alkaline earth elements 
are suitable as coating additives. 



In a preferred embodiment, the gas charges that are 
defined in accordance with the invention are produced 
\u. by granulation to form a kind of "ball powder". By a 

y "ball powder" is usually understood a propellent charge 

y 15 powder that consists of spherical powder elements and 

O which is usually produced according to a special 

p process developed by Olin Mathieson, USA. A high- 

. '*J percentage nitrocellulose solution in a solvent that 

y s cannot be mixed with water, for example methyl or ethyl 

•J* 20 acetate, is dispersed in water whilst stirring 

*' carefully in such a way that floating spheres are 

p formed. By heating below the boiling point of the 

J 4, solvent, progressive reduction in the strength of 

solvents and thus hardening of the floating spheres is 
25 achieved. 



Since the spherical form is not favourable (is 
particularly degressive) in terms of interior 
ballistics, usually far-reaching surface treatment is 
effected in order to surround a core that burns 
comparatively quickly with a shell that burns more 
slowly. The process for the production of the gas 
charges in accordance with the invention is thus 
distinguished by ease of handling and a high level of 
•safety, since here operations are almost exclusively 
carried out with components that are moist with solvent 
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and/or water. 

The binding agents that are defined in accordance with 
the invention are dissolved in a suitable solvent (for 
example methyl acetate) and, after dissolution of the 
binder, the oxidizing agent and the aggregates are 
added thereto. In order to precipitate the granulated 
material , water is added whilst stirring. Water- 
soluble components can then be used after previous 
suitable coating or by encapsulation. It is possible 
to work with correspondingly saturated solutions using 
residual solubility that still exists. It is possible 
to control the geometry, grain- size distribution and 
bulk density of the granulated material as a function 
of the quantity of solvent, the speed with which the 
water is added dropwise and the speed of stirring. 
After drying the granulated material, the handling 
safety and combustion behaviour can be modified in a 
manner known, per se, by means of coating additions. 
The coatings can either be deposited by applying the 
dry substances or by spraying in accordance with 
methods known per se . 

Granulated materials for the purposes of the present 
invention describe the term derived .from small grains 
for accumulations of small granulated grains . A 
granulated grain is thus an asymmetrical agglomerate 
consisting of powder particles (whole crystals, crystal 
fragments or particles) . in contrast with the pellet, 
but like an agglomerate, it has no harmonic geometric 
form,- the form of a sphere, a small bar, a cylinder and 
so on is only approximate and is only hinted at. The 
surface as a rule is uneven and jagged, the mass in 
many cases being more or less porous. 

An important criterion of the gas charges in accordance 
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with the invention relates to the combustibility of the 
spherical powder. Possible combinations of the 
constituents a) , b) and/or c) result in compositions 
which cannot, however, be termed combustible ball 
5 powder for the purposes of the present invention. For 

the purposes of the' present invention, a combustible 
ball powder, and thus a ball powder that is in 
accordance with the invention, is denoted by such a 
process in which the powder continues to burn after 
'10 ignition even if the ignition source is removed. 

The gas charges that are defined in accordance with the 

jf invention are suitable in particular for use in motor - 

Q 

p vehicle systems, such as, for example, belt- tighteners 

W 15 or air bags, and industrial cartridges for gas- 

S generation, for example in bolt-driving equipment. The 

O g-as charges that are defined in accordance with the 

invention are distinguished by non-poisonous combustion 

K vapours and combustion residues. 

« 20 

ifl Exemplifying embodiments: 

6 

The following three examples show how the gas charges 
in accordance with the invention behave with regard to 
25 combustion fumes and thermal stability. 

Examples : 

The composition {% by weight) and the characteristic 
30 data in terms of safety techniques of the mixtures of 

Examples 1 to 3 are indicated in Table 1. The 
specified components for the mixtures in accordance 
with the invention were weighed out in the weight 
ratios indicated and added to the binding agents 
35 -dissolved in methylacetate . Subsequently, water was 

added whilst stirring and the granulated material that 
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was formed was filtered off. After drying, the 
granulated material was sieved and could undergo 
surface-treatment. The sensitivity to friction and 
impacts was measured in accordance with methods of the 
5 Bundesanstalt fur Materialforschung und -priifung (BAM) , 

which are also described, for example, in J. Kohler, R. 
Meyer, Explosionsstof f e, 8th edition 1995 , published by 
VCH Verlagsgesellschaft Weinheim. The detonation point 
was determined by means of thermal gravimetric analysis 
•10 (Mettler) and the heat of explosion was measured with a 

calorimeter ex EKA. 



P 

SI 



25 



30 



35 
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Table 1 : Overview of the mixture of Examples 1 to 3 





Example 1 


Example 2 


Example 3 


Components in 
weight % 








cellulose 
acetate 


25 


12 


20 


Cellulose 
acetobutyrata 




10 




Potassium 
perchlorate 


75 


73 


57 


Calcium 
carbonate 




5 




Aluminium oxide 






23 


Sensitivity to 
friction 


360 N 


360 N 


360 N 


Sensitivity to 
impact 


10 J 


10 J 


15 J 


Detonation 
Point 


340°C 


330°C 


340*C 


Heat of 
explosion 


4300 J/g 


4080 J/g 


3500 J/g 


Weight loss 
after 240 hours 
at 145 a C 


O.S % 


0.04 % 





30 
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□ 
□ 



In order to determine the combustion properties, 
combustion tests were carried out in a closed 25 ml 
high-quality steel pressure bomb. For this purpose, 
the combustion tests, were carried out with a 3 g 
weighed sample of the mixtures of the examples , with 
ignition being effected by means of an incandescent 
filament and 0.2 g of an ignition mixture consisting of 
boron/potassium nitrate and the pressure-time curve 
being plotted by means of a piezoelectric measuring 
system. A compilation of the pressure -rise times (At) 
is given in Table 2, with the percentages relating to 
the pressure maximum. The composition of the 
combustion vapours was determined with the aid of a 
thermodynamic computing program (ICT Code) and is 
presented in Table 2 . 





Example 1 


Example 2 


Example 3 


Pressure bomb 
results 








Weighed sample 

[g] 


3 


3 


3 


Pmax [bar] 


850 


691 


SOS 


& t (la . aoa , [ms] 


2.6 


2.7 


6.1 


At [2s-7 6 m [ms] 




1.2 


2.5 


Gas composition 








Carbon dioxide 
[Vol %] 


56 


57 


57 


Water [Vol %] 


43 


42 


42 


Nitrogen 
monoxide 
[Vol %] . 


0 


0 


0 


Carbon monoxide 
[Vol %] ' 


<0.0001 


<0.0001 


<0.0001 
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Claims 

1. Granulated gas charges having combustion vapours 
that are free of nitrogen oxide and are deficient in 
carbon monoxide, containing 

a) binding agents* in a quantity of 5 to 50 % by- 
weight , 

b) oxidizing agents in a quantity of 0 to 90 % by 
weight, and/or 

c) organic, in particular nitrogen-free, fuels in a 
quantity of 0 to 75 % by weight. 

2 . Gas charges according to claim 1 , characterized in 
that the binding agent is selected from cellulose 
acetate, cellulose acetobutyrate, cellulose triacetate, 
nitrocellulose and/or polyvinyl butyral . 

3. Gas charges according to claim 1, characterized in 
that the oxidizing agent is selected from perchlorates 
of alkali and/or alkaline earth metals, zinc peroxide, 
iron oxides, cerium dioxide, copper oxide, manganese 
dioxide and/or permanganates. 

4. Gas charges according to claim 3, characterized in 
that the perchlorate is potassium perchlorate. 

5. Gas charges according to claim 1, characterized in 
that the organic fuels comprise terephthalic acid, 
fumaric acid and/or ascorbic acid. 

6. Gas charges according to one of claims 1 to 5, 
characterized in that the gas charges comprise 
aggregates, in particular combustion-moderators. 

7. Gas charges according to claim €, characterized in 
that the aggregates comprise aluminium oxide, zinc 
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oxide, alkali metal and/or alkaline earth metal 
silicates, mineral clays, cement, gypsum, alkali metal 
and/or alkaline earth metal carbonates, alkali metal 
and/or alkaline earth metal oxalates, and also oxalic 
5 acid. 

8 . Gas charges according to one of claims 1 to 7 , 
characterized in that the gas charges comprise coating 
additives, in particular graphite, water glass and also 
' 10 nitrates and/or perchlorates of alkali metals and/or 

alkaline earth metals . 

K 9 - Gas charges according to one of claims 1 to 8 in 

5? the form of a ball powder. 

2 15 

10 . Use of the gas charges according to one of claims 

p 1 to 9 for the production of motor-vehicle safety 

M' systems, in particular belt- tighteners or air bags, 

y ? industrial cartridges for gas-generation, in particular 

|*20 for bolt-firing equipment. 
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